The two CCD photometries of the intermediate polar TV Columbae are made for obtaining the two updated eclipse timings with high precision. There is an interval time ∼ 17yr since the last mid-eclipse time observed in 1991. Thus, the new mid-eclipse times can offer an opportunity to check the previous orbital ephemerides.
1 1993), respectively. No until Hellier et al. (1991) was the eclipse in TV Columbae reported. Except for the 32 min detected in X-ray observation, the other four periods presented in optical regime give rise to the high variabilities in eclipse light curves of TV Columbae (Hellier et al. , 1991; Hellier , 1993; Augusteijn et al. , 1994) . Although the eclipse light curves of TV Columbae show cycle-to-cycle variations, a shallow eclipse of part of the accretion disc is established. Hellier (1993) and Augusteijn et al. (1994) have pointed out that the eclipse of TV Columbae in a certain case (maybe outburst) is clearly modulated by a broader quasi-sinusoidal modulation. Moreover, Hellier (1993) found a peculiar phenomenon in TV Columbae that its eclipse can totally disappear in the light curve observed in January 1st, 1986.
Since plenty of investigators focused on the variations of 5.2 hr and 4 day periods, few analyses in its orbital period were made in the past. However, many 5.2 hr period analyses indicate that this period is not stable and can change non-monotonically with time (Augusteijn et al. , 1994) . In addition, it is difficult to detect the variations of 4-d modulation because of the short observation time in most case. Thus, the stable and distinct photometric period of 5.5 hr in TV Columbae can provide a best opportunity to probe the possible evolutional state and inner interaction between two components. The first orbital period analysis (Hellier , 1993) suggested that the quadratic term in the O-C diagram was suspected. Then Augusteijn et al. (1994) and Rana et al. (2004) never detected the changes in its orbital period. A time span of about 17 years, from the last eclipse timing (Hellier , 1993) to now, implies that an updated and available orbital period analysis is expected to detect the possible variations in orbital period of TV Columbae.
In this paper, the two light curves near the mid-eclipse by CCD photometries and two new eclipse timings of TV Columbae with high precision are presented in Sect. 2. Then Sect. 3 deals with the details of the updated O-C analysis in the orbital period of 5.5 hr. Finally, the probable discussions for the observed orbital period changes are made in Sect. 4 and our principal conclusions in Sect. 5.
Observations
Two new times of light minimum are obtained from our CCD photometric observations with the VersArray 1300B CCD camera attached to the 2.15-m Jorge Sahade telescope at Complejo Astronomico El Leoncito previous photometries (Hellier et al. , 1991; Hellier , 1993; Augusteijn et al. , 1994) . Moreover, we obtained by using a parabolic fitting method to the very deepest part of the eclipse. Including the previous 43 times of light minimum for TV Columbae (Hellier et al. , 1991; Hellier , 1993; Augusteijn et al. , 1994) , we listed all 45 available times of light minimum covering near 30 yr in Table 1 .
Analysis of orbital period change
The data from AAVSO an International Database (http://www.aavso.org/data/download/) suggest that TV Columbae is not in outburst during our observations, and from Fig. 1 it cannot be seen that a dip around orbital phase ∼ 1.2, which is different from the light curves in 1987 I and 1988 obtained by Augusteijn et al. (1994) . A recent orbital ephemeris (Augusteijn et al. , 1994; Rana et al. , 2004) ,
is used to check whether the updated two eclipse timings obey the regular 5.5 hr orbital modulation. The two cycles 35007.226 and 35015.214 corresponding to the observed mid-eclipse times HJD 2455153.843579 (76) and HJD 2455155.669797(71), respectively, are calculated, which means that both observed orbital eclipse minima are about 0.2 in phase later than the predicted times. This large discrepancy implies that TV Columbae should seriously expand its orbit in an extreme short timescale (∼ 30yr), which is obviously not supported by observations. This means that either the two derived eclipse timings or the orbital ephemeris Eq. 1 are wrong.
However, the orbital ephemeris derived by Hellier (1993) , (1994) imply that the weights of their data should be lower than the others. Therefore, a least-square solution for the O-C values of TV Columbae leads to
Although the early data present large scatters, all the high-precision data except for the two data points with large error bars 0 d .005 (Hellier , 1993) well support a possible cyclical variation trend in O-C diagram after removing the data from Augusteijn et al. (1994) and the linear element, which is clearly shown in the middle panel of Fig. 2 . Moreover, the fitting χ 2 ∼ 1.2 suggests that a cyclical period variation with a period of 31.0(±3.0)yr is significant.
Discussion
The radial velocity measurements (Hutchings et al. , 1981; Hellier , 1993) and the spectroscopic analyses (Vrtilek et al. , 1996; Cropper et al. , 1999; Ishida & Ezuka , 1999; Ramsey , 2000) never obtained the consistent system parameters of TV Columbae. According to the classification of TV Columbae as a permanent superhump system (Retter et al. , 2003) , TV Columbae may be an extreme system with a mass ratio ∼ 0.3, which is in contradiction with that calculated by the relation between the orbital period and the secondary mass in CVs (Smith & Dhillon , 1998) . Moreover, assuming that the white dwarf in TV Columbae has a typical mass of ∼ 1M ⊙ , the secondary mass can be estimated to be ∼ 0.3M ⊙ , which may be agree with the estimated spectra type of the secondary late K or early M type (Beuermann , 2000; Smith & Dhillon , 1998) . Thus, we adopted a combined mass of 1M ⊙ + 0.3M ⊙ for the eclipsing pair of TV Columbae.
Considering that the eclipse of the intermediate polar TV Columbae may be of a partial accretion disc caused by the magnetic of the white dwarf, the changes in the partial disc may produce the changes in the O-C diagram shown in Fig. 2 . Moreover, a cyclical period variation can be interpreted by two plausible mechanisms, which are Applegate's mechanism (Applegate , 1992) and light travel-time effect. As for the former, a careful calculation for the variation of quadrupole momentum suggests that △Q = −2.03(±0.05) × 10 48 g cm 2 . Considering the secondary in TV Columbae is known little, the energies required to cause the observed O-C oscillation corresponding to different assumed shell masses are calculated. The lowest required energy △E min ∼ 1.9 × 10 41 erg at M s ≃ 0.22M ⊙ , is larger than the total radiant energy of a M0 type star over a complete variation period ∼ 31yr, E 0 ∼ 1.7 × 10 41 erg. Therefore, a solar-type magnetic cycle may have difficulty explaining the observed cyclical period variation in TV Columbae as the previous analysis for other CVs (Dai et al. , 2009; Dai & Qian , 2010) .
Another plausible mechanism for explaining the cyclical period variation in O-C diagram is the light traveltime effect caused by a perturbations from a tertiary component. If the two data points at cycles -3193 and 26
with large error bars can be omitted, then the cyclical period changes shown in the middle panel of Fig. 2 would well support an excellent sinusoidal fit. By using the amplitude of sinusoidal curve and the Third Kepler Law, the projected distance a ′ sin(i ′ ) from binary to the mass center of the triple system and the mass function of the third component f (m 3 ) can be calculated to be 0.67(±0.02)au and 3.1(±0.2) × 10 −4 M ⊙ , respectively. According to the both relationships described in Fig. 4 , the mass of the third star in TV Columbae is very close to the mass lower limit of a star with stable hydrogen burning (∼ 0.08M ⊙ ) when the inclination of the third star is higher enough. In addition, the distance from the third body to the mass center of system is ∼ 10.3au, which is over two orders of magnitude larger than the separation of binary. Thus, this third star can survive the previous common envelope evolution of the parent binary.
Conclusion
Two Accordingly, a light travel-time effect is applied to interpret the cyclical period change. The third body in TV Columbae may be a low mass dwarf as long as the orbital inclination of tertiary component high enough. Since TV Columbae is a complex system and the explanations for its updated O-C diagram is only based on the two new mid-eclipse timings, the cyclical period change shown in Fig. 2 should be checked by the more data in the future. Although the system parameters of TV Columbae are ambiguous, which means that any conclusive result cannot be obtained, the discussions based on some plausible assumptions are still important to the further understanding for TV Columbae. Therefore, the more observations including CCD photometries with a longer base line and spectroscopies with high resolution are needed to probe such multi-periodic system. 
References: (1) Motch (1981) ; (2) Augusteijn et al. (1994) ; (3) Hellier (1993); (4) Hellier et al. (1991) ; (5) This paper.
